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(54) A wire-stranded hollow tube, a medical tube body and a medical guide wire 



(57) In a wire-stranded hollow tube 1 , a plurality of 
metallic wires (8) preformed with a predetermined form- 
ing rate are twisted along a circular line into a coreless 
hollow configuration When twisting the metallic wires 
(8), the neighboring metallic elements (1a : 1a) are sub- 
jected to compression with no gap appeared between 
the neighboring metallic elements (1 a, 1 a). This increas- 
es a contact pressure between the neighboring metallic 
elements (1a, 1 a) to attain a good tightness with a good 
circularity and diametrical uniformity, and thereby pre- 
venting the wire-stranded hollow tube 1 from inadvert- 
ently collapsing. A tightness is strengthened between 
the neighboring metallic elements (1 a, 1 a) when the me- 
tallic elements (1 a, 1 a) of different helical pitch are used. 
By applying the wire-stranded hollow tube 1 to a medical 
guide wire, a quick torque response and a good torque 
transmissibility are ensured which leads to a good ma- 
nipulatability with a favorable follow-on capability. 



Fig. 2 
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Description 

[0001 ] The invention relates to a wire-stranded hollow 
tube in which a plurality of metallic wires are twisted 
along a circular line to be shaped into a coreless hollow 5 
configuration, and particularly concerns to a medical 
tube body and a medical guide wire into which the wire- 
stranded hollow tube is incorporated. 
[0002] As a general medical tube body, a synthetic 
resin tube and a flexible tube (T) has been introduced 10 
in which a helical spring (S) is embedded in a synthetic 
resin (P) as shown in Fig. 34. The helical spring (S) is 
single wound or multiple wound by a spring forming ma- 
chine. To take a five-turn wound helical spring (U) as an 
example in Fig. 35, a gap (G) is likely to appear at every *5 
five-turn wound end (N). The gap (G) develops remark- 
ably in particular when an initial winding tension is not 
enough upon forming the helical spring (U). 
[0003] This not only imparts the helical spring (U) with 
a convexso-concave outer appearance but result in a 20 
loss of torque under the presence of the gap (G) when 
transmitting the torque through the helical spring (U). An 
accumulated loss of the torque exceedingly reduces the 
torque transmissibility. On the other hand, the helical 
spring (U) increases its rigidity when the initial winding 25 
tension is strengthened too much upon forming the hel- 
ical spring (U). Underthe increased rigidity, thefrictiona! 
resistance increases between the helical spring (U) and 
an inner wall of a wound and small blood vessel every 
time when advancing the helical spring (U) to pass 30 
through wound portions of the wound and small blood 
vessel. The increased frictional resistance deteriorates 
a manipulatability when the helical spring (U) is applied 
to a medical guide wire. 

[0004] A Laid-open Japanese Patent Application No. 35 
11-25758 (prior reference) discloses a wire-stranded 
hollow body in which wire elements are twisted along a 
circle line to overcome the drawbacks which a multiple 
coaxial cable wire usually has, so as to attain a light- 
weight structure with a smooth surface and a good cir- 40 
cularity. The wire-stranded hollow body disclosed by the 
prior reference, however, is applied practically to an 
electric cable wire and has no substantial suggestion 
about an improved tightness between the wire elements 
to ensure a quick torque response and a good torque 45 
transmissibility. 

[0005] Therefore, the present invention has been 
made with the above disadvantages in mind, it is a main 
object of the invention to provide a medical tube body 
and a medical guide wire which has a wire-stranded hoi- so 
low tube formed by a plurality of metallic wires twisted 
along a circular line into a coreless hollow configuration 
with no gap appeared between the neighboring metallic 
wires by increasing a contact pressure therebetween to 
attain a good tightness between the neighboring metal- 55 
lie wires with a good circularity and a good diametrical 
uniformity to ensure a quick torque response and good 
torque transmissibility with the least play, thereby lead- 



ing to a good manipulatability with a favorable follow-on 
capability. 

[0006] According to the present invention, there is 
provided a wire-stranded hollow tube in which a plurality 
of metallic wires are twisted along a circular line to be a 
coreless hollow configuration with the metallic wires pre- 
formed by a predetermined forming rate (forming strain). 
This provides a uniform contact presssure between the 
neighboring metallic wires with no gap appeared there- 
between. The contact pressure between the neighbor- 
ing metallic wires can be strengthened by increasing a 
helical pitch (e.g., 7-8 times the line diameter of the 
metallic wires) of the metallic wires. 
[0007] With the increased contact pressure between 
the neighboring metallic wires, a good tightness be- 
tween the neighboring metallic wires is ensured to tightly 
unite the metallic wires together with a good circularity 
and a good diametrical uniformity. Providing a postform- 
ing treatment with the wire-stranded hollow tube unites 
the metallic wires all the more tightly together to pevent 
the wire-stranded hollow tube from inadvertently col- 
lapsing. With the forming rate in the range of 90 — 98% 
when preforming the metallic wires, the good circularity 
and the good diametrical uniformity are strengthened. 
[0008] According to other aspect of the invention, the 
metallic wires are formed from different materials. The 
circularity and the diametrical uniformity are all the more 
improved. 

[0009] According to other aspect of the invention, the 
wire-stranded hollow tube is incorporated into a medical 
tube body and a medical guide wire. At the time of ma- 
nipulating the medical tube body and medical guide 
wire, a good manipulatability can be ensured with a 
quick torque response and a good torque transmissibil- 
ity achieved with the least play permitted. 
[0010] By using the wire-stranded hollow tube, the 
good manipulatability can be ensured with the quick 
torque response and the good torque transmissibility se- 
cured with the least play at the time of manipulating the 
medical guide wire. A helical convexso-concave undu- 
lation appeared on an outer surface of the wire-stranded 
hollow tube enables a manipulator to a firm grip with no 
finger slip so as to readily introduce the medical guide 
wire to reach a target area. According to other aspect of 
the invention, a single elastic elongation core is placed 
within a hollow portion of the wire-stranded hollow tube. 
This provides the medical guide wire with an improved 
pushability when inserting the medical guide wire deep 
into human body. 

[0011] A synthetic resin layer is coated with an outer 
extension of the elongation core. The synthetic resin lay- 
er serves as a protection for the elongation core, and at 
the same time, providing the medical guide wire with a 
smoothness and a thrombus-repellent property. Adding 
an X-ray impervious agent (radiopaque agent) to the 
synthetic resin layer enables the manipulator to an X- 
ray photography. A hydorophilic resin film coated with 
the synthetic resin layer increases the smoothness and 
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the thrombus-repellent property. 
[0012] According to other aspect of the invention, a 
metallic helical spring is wound around a front end of the 
outer extension. The metallic helical spring contains a 
radiation-impervious agent. This enables the manipula- 5 
tor to confirm a leading end of the medical guide wire 
with a good flexibility maintained in the medical guide 
wire. 

[0013] With the metallic helical spring wound around 
the outer extension by its entire axial length, the flexibil- 10 
ity increases compared to the case in which the outer 
extension is coated with the synthetic resin layer. This 
flexibility makes it possible to flexibly follow the outer 
extension along a wound and small blood vessel, and 
whereby smoothly introducing the medical guide wire 
deep into the wound and small blood vessel. 
[0014] According to other aspect of the invention, a 
synthetic resin layer is coated with an outer surface of 
the wire-stranded tube, and a hydrophilic resin film is 
provided on the synthetic resin layer. This provides the 20 
medical guide wire with an increased smoothness and 
thrombus-repellent property. 

[001 5] According to other aspect of the invention , the 
wire-stranded hollow tube is formed of different metallic 
wires. One is a Ni-Ti alloy wire and the other is a stain- 25 
less steel wire (material stipulated by SUS) to cite an 
example. When these two different wires are subjected 
to diameter-reduction by means of a swaging or die 
drawing work, the hard Ni-Ti alloy wire tightly engages 
against the stainless steel wire to plastically deform the 30 
stainless steel wire. This increases a contact area be- 
tween the Ni-Ti alloy wire and the stainless steel wire to 
more tightly unite these metallic wires together so as to 
strengthen the torque transmissibility, compared to the 
case in which the metallic wires are of the same material 55 
and of the identical hardness. 

[0016] According to other aspect of the invention, the 
wire-stranded hollow tubes are concentrically arranged 
to form a multilayered configuration. The multilayered 
structure provides the medical guide wire with a flexibil- *o 
ity, a durability and a stable manipulatability in the wind- 
ing direction. 

[0017] According to other aspect of the invention, a 
pressure sensor is incorporated into the medical guide 
wire to measure a blood pressure upon inserting the *5 
medical guide wire into the blood vessel. When the med- 
ical guide wire is inserted into the wound and small blood 
vessel, the wire-stranded hollow tube keeps its cross 
section substantially circular at the wound portions with- 
out deforming into a flat configuration. Keeping the cir- so 
cular cross section permits blood streams smoothly 
without disturbing them, thus enabling the manipulator 
to a precise blood pressure measurement and monitor- 
ing for an extended period of time with the least varia- 
tion. 55 
[0018] A preferred form of the present invention is il- 
lustrated in the accompanying drawings in which: 



Figs. 1, 1a, 1b and 1c are explanatory views com- 
paratively showing how working transmutation lay- 
ers are induced when a coil forming machine and a 
rope stranding machine are used; 
Fig. 2 is a perspective view of a wire-stranded hol- 
low tube according to a first embodiment of the in- 
vention; 

Fig. 3 is a schematic view showing how the wire- 
stranded hollow tube is formed; 
Fig. 4 is a graphical representation showing a rota- 
tional angle when each piece starts to rotate; . 
Fig. 5 is a graphical representation showing a rota- 
tional torque when each piece starts to rotate; 
Fig. 6 is a graphical representation showing a linear 
characteristics when each piece starts to rotate in 
a normal direction; 

Fig. 7 is a graphical representation showing a linear 
characteristics when each piece starts to rotate in 
a reverse direction; 

Fig. 8 is a graphical representation showing a load 
efficiency represented by a total bending angle 
when load is applied; 

Fig. 9 is a perspective view of the medical guide 
wire; 

Fig. 10 is a perspective view of the medical guide 
wire when a thermoplastic synthetic resin layer and 
a hydrophilic resin film is coated with the medical 
guide wire; 

Fig. 1 1 is a plan view of a balloon catheter; 

Fig. 1 2 is an enlarged cross section taken along the 

line R-R of Fig. 11; 

Fig. 1 3 is a perspective view of the wire-stranded 
hollow tube subjected to a die drawing work; 
Fig. 14 is a perspective view of a modified wire- 
stranded hollow tube; 

Fig. 15 is a schematic view comparatively showing 
the wire-stranded hollow tube subjected to a diam- 
eter reduction; 

Fig. 1 6 is a perspective view of a medical guide wire 
in which the wire-stranded hollow tube is applied to 
the medical guide wire according to a second em- 
bodiment of the invention; 

Fig. 1 7 is a perspective view of a medical guide wire 
in which the wire-stranded hollow tube is applied to 
the medical guide wire according to a third embod- 
iment of the invention; 

Fig. 18 is an enlarged longitudinal cross sectional 
view showing a circled portion E of Fig. 17; 
Fig. 19 is an enlarged longitudinal cross sectional 
view showing a circled portion F of Fig. 1 7; 
Fig. 20 is an enlarged longitudinal cross sectional 
view showing a circled portion G of Fig. 17; 
Fig. 21 is an enlarged latitudinal cross sectional 
view taken along the line A-A of Fig. 1 7; 
Fig. 22 is a perspective view of a medical guide wire 
in which the wire-stranded hollow tube is applied to 
the medical guide wire according to a fourth embod- 
iment of the invention; 
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Fig. 23 is an enlarged longitudinal cross sectional 
view taken along the line Y-Y of Fig. 22; 
Fig. 24 is an enlarged longitudinal cross sectional 
view taken along the line X-X of Fig. 22; 
Fig. 25 is a perspective view of a medical guide wire 
according to a fifth embodiment of the invention; 
Fig. 26 is a perspective view of a medical guide wire 
according to a sixth embodiment of the invention; 
Fig. 27 is a perspective view of a medical guide wire 
according to a seventh embodiment of the inven- 
tion; 

Fig. 28 is a schematic view showing how a general 
medical tube works when inserted into a wound and 
small blood vessel; 

Fig. 29 is a schematic view showing how the gen- 
eral tube disturbs blood streams; 
Fig. 30 is a schematic view of the medical guide wire 
which is advanced into the wound and small blood 
vesse 1 ; 

Fig. 31 is a schematic view of a single wound helical 
spring bent along the wound and small blood ves- 
sel; 

Fig. 32 is a schematic view of the wire-stranded hol- 
low tube bent along the wound and small blood ves- 
sel; 

Fig. 33 is a schematic view showing how an axial 
length of the single wound helical spring is 
stretched; 

Fig. 34 is a perspective view of a prior medical tube 
body formed by a helical spring; and 
Fig. 35 is a plan view of the prior medical tube body 
formed by a helical spring. 

[0019] According to a first embodiment of the inven- 
tion, a wire-stranded hollow tube 1 (Fig.2) is in a strand 
structure in which a plurality of metallic wires 8 are 
placed along a cicular line and twisted with the use of a 
rope twisting machine. 

[0020] Upon deforming a metallic wire 2 with the use 
of a coil forming machine as shown in Figs. 1 and 1a, 
an inner side of the metallic wire 2 tightly engages 
against an elevated pin 3, and an outer side of the me- 
tallic wire 2 tightly engages against a guide plate 4. This 
likely produces a working transmutation layer (H) on 
both sides 2a, 2b of the metallic wire 2. 
[0021] Upon deforming a metallic wire 8 with the use 
of the rope twisting machine as shown in Figs. 1 b and 
1 c, the metallic wire 8 is twisted while being pulled upon 
weaving through three guide pins 5, 6 and 7 at the time 
when preforming the metallic wire 8. This provides the 
working transmutation layer (H) on an entire surface of 
the metallic wire 8. Upon preforming the metallic wire 8, 
a forming rate (forming strain) falls in the range of 90 — 
98 % (preferably 90 - 95 %). This provides the metallic 
wire 8 with an increased flexibility, an improved wear- 
resistance while removing a residual stress due to the 
metallic wire 8 being twisted. Releasing the residual 
stress prevents a spring-back and jumping-out phenom- 
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ena when severing the metallic wire 8 at a predeter- 
mined length. 

[0022] The metallic wires 8 are twisted along the cir- 
cular line to form the wire-stranded hollow tube 1 with 
5 the use of the rope twisting machine. Neighboring line 
elements 1a, 

[0023] 1a of the metallic wires 8 engage tightly each 
other without generating any gap therebetween be- 
cause the neighboring line elements 1 a, 1 a are subject- 
io ed to compression force when twisted. A helical pitch 
(corresponding to a screw lead) is determined to be 7 
- 8 times larger than the line diameter of the metallic 
wire 8 (e.g., 0.43x (7- 8) = 3.01 - 3.44 mm). 
[0024] Upon postforming a rope structure which pass- 
is es through a voice tool 9 as shown in Fig. 2, the rope 
structure is rolled between rollers 10, 10 to form the wire- 
stranded hollow tube 1 which ensures a good circularity 
and a good diametrical uniformity. 
[0025] Namely, the rope structure thus stretched is 
20 severed at an appropriate length, and the core wires are 
withdrawn from the rope structure in which the metallic 
wires 8 were wound around the core wires. As the core 
wires, a bundle of soft line wires (e.g., mild steel) can 
be used so that the core wires are easily withdrawn. Al- 
25 ternatively, any line member can be used, an outer di- 
ameter of which is smaller than an inner diameter of the 
wire-stranded hollow tube 1 . 

[0026] The neighboring line elements 1 a, 1 a are tight- 
ly compressed to increase a contact pressure therebe- 

30 tween to unite the metallic wires 8 together, thus pre- 
venting the wire-stranded hollow tube 1 from inadvert- 
ently collapsing. With the neighboring line elements 1 a, 
1a tightly engaged each other, a good torque transmis- 
sibility can be achieved with a good wetting relationship 

35 secured between the neighboring line elements 1 a, 1 a. 
[0027] It is to be noted that a tensile, compression or 
winding type preforming method may be used, other- 
wise a preforming method can also be used in which a 
difference of speed is converted to a tensile force. 

40 [0028] From a view point of performance, the wire- 
stranded hollow tube 1 is compared to other counterpart 
pieces. 

[0029] The following relationship (Fig. 4) is obtained 
concerning to an angle of a rear hand side in which each 
45 piece starts to rotate when inserted into a predetermined 
wound tube area. 

[0030] wire-stranded hollow tube ( <J> 0.43) < Ni-Ti wire 
((J> 0.43) < straight line wire (<J> 0.43) « helical coil spring 
(«> 0.43) 

so [0031] With the wire-stranded hollow tube 1 superior 
in torque response and torque transmissibility, a high 
torque sensitivity is ensured so that a front end swiftly 
rotates with a small amount of the torque given to the 
rear hand side. 

55 [0032] In this instances, the wire-stranded hollowtube 
1 has twelve line elements ( <{> 0.085 mm) wound around 
a line core ($ 0.265 mm). The line core is withdrawn to 
form the wire-stranded hollow tube 1 which measures <J> 
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0.43 mm In outer diameter. 
[0033] The helical coil spring is in a single wound hel- 
ical spring structure in which a line element ( $ 0.08 mm) 
is used to have <J> 0.43 mm in outer diameter. 
[0034] The Ni-Tl wire is solid and shaped in a linear 5 
configuration to have (f> 0.43 mm in outer diameter. 
[0035] The straight line wire is of a solid stainless steel 
rectified to increase its linearity with the use of a bearing, 
roller or the like. 

[0036] The following relationship (Fig. 5) is obtained 10 
concerning to a torsional torque of the rear hand side in 
which each piece starts to rotate when inserted into the 
predetermined wound tube area, wire-stranded hollow 
tube ( $ 0.43) < helical coil spring ( <j) 0.43) < Ni-Tl wire 
(<t> 0.43) < straight line wire ($ 0.43) 15 
[0037] Due to the high torque sensitivity with the least 
play permitted between the neighboring elements 1a, 
1 a, the front end swiftly rotates with a small amount of 
the torque given to the rear hand side. Since the rear 
hand side takes many turns for the front end to start ro- 20 
tating in the helical coil spring, the helical coil spring is 
not well-suited to a practical use as understood from the 
graphical representation in Fig. 4. 
[0038] For the wire-stranded hollow tube 1 , a good 
torque response (linear relationship) is ensured in nor- 25 
mal and reverse directions in which no substantial delay 
is perceived in torque response between the rear hand 
side and the front end as shown in Figs. 6 and 7. 
[0039] For the solid line wire (straight line wire ( § 
0.43) and Ni-Ti wire ( 4 0.43)), a certain delay can be 30 
perceived in the follow-on capability. This tendency is 
remarkable for the Ni-Ti wire (<J> 0.43). 
[0040] The difference of these characteristics de- 
pends on whether the counterpart piece has a hollow 
flexible structure or a solid rigidity structure. The wire- 35 
stranded hollow tube 1 is rendered into the hollow flex- 
ible structure so that the aforementioned torque re- 
sponse and torque transmissibility are surmised to be 
improved albeit the total bending angle increases with 
a decrease of torsion-resistant moment and rigidity. *o 
[0041] Fig. 8 shows a load efficiency (%) in terms of 
the total bending angle when a predetermined amount 
of load (e. g., 50g) is applied to each of the pieces. The 
graphical representation in Fig. 8 shows the following 
relationship in the load efficiency, wire-stranded hollow 
tube ( $ 0.43) > Ni-Ti wire ($ 0.43) > straight line wire (<}> 
0.43) 

[0042] This indicates how lightweight the wire-strand- 
ed hollow tube is formed with the good manipulatability. 
The wire-stranded hollow tube 1 superior in torque re- 50 
sponse and torque transmissibility is well-suited to a 
medical tube body. 

[0043] When the wire-stranded hollow tube 1 is ap- 
plied to the medical tube body, the medical tube body 
exhibits a linear torque transmissibility with no signifi- 55 
cant torque variation. For this reason, the manipulator 
can advance the medical tube body precisely into a tar- 
get area of the blood vessel. 
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[0044] As opposed to the prior art (Figs. 34 and 35) 
in which the gap (G) is induced at the helical spring (S) 
to permit an irregular transmissibility and an uneven 
bending, the wire-stranded hollow tube 1 bends uni- 
formly with a good linear torque transmissibility. 
[0045] Fig. 9 shows a medical guide wire 11 in which 
a core line (hoop line or the like) is inserted into the wire- 
stranded hollow tube 1 and both ends of the wire-strand- 
ed hollow tube 1 is soldered to the core line (not shown). 
[0046] Then, an outer surface of the wire-stranded 
hollow tube 1 is coated with Teflon ® (4F) to produce 
the medical guide wire 11 (usually referred to as "GW"). 
The same characteristics as the medical tube body has 
obtained in the previous embodiment are provided with 
the medical guide wire 11 . 

[0047] Fig. 10 shows the medical guide wire 11 in 
which a small tube 11a is fixedly connected to the wire- 
stranded hollow tube 1 . An outer surface of the medical 
guide wire 11 is coated with a thermoplastic synthetic 
resin 12 (Teflon®, nylon, polyurethane or the like). On 
an outer surface of the thermoplastic synthetic resin 1 2 , 
a hydrophilic polymer 13 (polyvinylpyrrolidone or the 
like) is coated. 

[0048] The thermoplastic synthetic resin 12 may be 
coated with an inner surface of the medical guide wire 
11 or may be coated with both the inner and outer sur- 
faces of the medical guide wire 11 . Instead of the ther- 
moplastic synthetic resin 12, a metallic film may be 
formed by means of sputtering, evaporation or the like. 
Under the presence of the neighboring elements 1a, 1a 
twisted, the rear hand side of the medical guide wire 11 
appears a convexso-concave undulation which pre- 
vents a finger slip to enable the manipulator to a firm 
grip- 

[0049] Figs. 11 and 12 show a balloon catheter 14 in 
which the wire-stranded hollow tube 1 is applied with an 
inflatable balloon 14a secured to the balloon catheter 
14. The wire-stranded hollow tube 1 may be used in- 
stead of a hypotube 1 5. Alternatively, the wire-stranded 
hollow tube 1 may be used in lieu of a single unit wire 
1 6 placed within the hypotube 1 5. To the single unit wire 
16, a material stipulated in SUS or a Ni-Ti alloy (shape 
memory alloy) may be employed. The wire-stranded 
hollow tube 1 may be used to a medical endscope tube 
which generally has an identical structure to the medical 
tube body. 

[0050] Fig. 1 3 shows the wire-stranded hollow tube 1 
which is forced to reduce its diameter by means of a die 
drawing work. Due to the die drawing work, the neigh- 
boring elements 1 a, 1 a of the metallical wires 8 deforms 
to tightly engage each other so as to produce a good 
cicularity with a uniform diameter substantially main- 
tained. The die drawing work increases a contact pres- 
sure between the neighboring elements 1a, 1 a to tightly 
unite the neighboring elements 1a, 1a to produce a 
quick torque response and a good torque transmissibil- 
ity. When the wire-stranded hollow tube 1 is used to the 
balloon catheter, a good pushability is further ensured. 
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[0051] Fig. 14 shows a wire-stranded hollow tube 1 8 
in which a stainless steel wire 20 and a Ni-Ti alloy wire 
21 are stranded alternately to serve as different metallic 
wires. 

[0052] When the wire-stranded hollow tube 18 is 
forced to reduce its diametrical dimension by a com- 
pression shrinkage (A t) with the use of the swaging or 
the die drawing work as shown in Fig. 15 : the hard Ni- 
Ti alloy wire 21 tightly engages against the stainless 
steel wire 20 to deform the stainless steel wire 20. This 
makes the Ni-Ti alloy wire 21 contact with the stainless 
steel wire 20 with an increased contact area to tightly 
unite them together to achieve a more improved torque 
transmissibility. 

[0053] Fig. 1 6 shows a second embodiment of the in- 
vention in which the wire-stranded hollow tube 1 is ap- 
plied to the medical guide wire 1 1 . To the wire-stranded 
hollow tube 1 , an elongated core 22 is inserted, an outer 
diameter of which is slightly smaller than an inner diam- 
eter of the wire-stranded hollow tube 1 . Both ends of the 
wire-stranded hollow tube 1 are soldered to the elongat- 
ed core 22. 

[0054] In this instance, the medical guide wire 11 is 
effective in particular when a pushability is needed in 
addition to a quick torque response. In this situation, the 
elongated core 22 may be in a solid or hollow configu- 
ration. 

[0055] Figs. 17 — 21 show a third embodiment of the 
invention in which a wire-stranded hollow tube 32 is ap- 
plied to the medical guide wire 30. The medical guide 
wire 30 has the wire-stranded hollow tube 32 formed rel- 
atively longer by twisting many turns a plurality (e.g. , 1 2) 
of metallic wires 32a, and having an elastic elongation 
core 34 which progressively decreases its diameterical 
dimension toward a front end of the elongation core 34. 
A synthetic resin tube 36 is fixed around the elongation 
core 34 except for a tapered-off portion of the elongation 
core 34. A front helical spring 38 is secured to surround 
the tapered-off portion of the elongation core 34. 
[0056] As a basal side resin layer, an outer surface of 
the wire-stranded hollow tube 32 is coated with a fluo- 
ride-based resin layer (not shown) such as : for example, 
a polytetrafluoroethylene layer (PTFE), a thickness of 
which is approx. 8 u,m. In order to provide a smoothness 
and a thrombus-repellant property, the basal side resin 
layer is formed by a hydrophobic synthetic resin such 
as a silicone resin in addition to the fluoride-based resin 
layer. 

[0057] In the elongation core 34 located in a hollow 
portion 32b of the wire-stranded hollow tube 32, a basal 
end of the wire-stranded hollow tube 32 is plasma weld- 
ed to a basal main body 34a together with a rear tip 35. 
A front end of the wire-stranded hollow tube 32 is sol- 
dered to the elongation core 34. As a material of the 
elongation core 34, used are a stainless steel, a piano 
wire and superelastic metals such as Ni-Ti alloy, Cu-Zn- 
Q alloy (Q = Al, Fe or the like), Ni-Ti-Q alloy (Q = Cu, 
Fe, V, Co or the like). 



[0058] The synthetic resin tube 36 provides a flexibil- 
ity with an outer extension 34b of the elongation core 
34, and at the same time, protecting an area in which 
the synthetic resin tube 36 covers. By way of illustration, 
5 the synthetic resin tube 36 is formed by polyurethane, 
polyvinylchloride, polyester or the like. To the synthetic 
resin tube 36 : a required amount of powder prescribed 
from barium sulfate, bismuth, tungsten or the like is add- 
ed as an X-ray impervious agent. Coated with an outer 

10 surface of the synthetic resin tube 36 is a hydrophobic 
resin film 37 formed by polyvinylpyrrolidone (PVP) : pol- 
yethylene glycol orthe like in orderto further provide the 
smoothness and the thrombus-repellent property. 
[0059] A front helical spring 38 is secured to surround 

15 a leading end of the outer extension 34b, and fixed to 
the outer extension 34b by means of a soldering or an 
adhesive. The front helical spring 38 at least partly con- 
tains the X-ray impervious agent such as silver, plati- 
num, bismuth, tungsten, Pt-Ni alloy orthe like. 

20 [0060] Figs. 22- 24 show a fourth embodiment of the 
invention. The fourth embodiment of the invention dif- 
fers from the third embodiment of the invention in that 
instead of the synthetic resin tube 36 and the front hel- 
ical spring 38, a continuous helical spring 39a formed 

25 with a stainless steel is secured to surround the outer 
extension 34b of the elongation core 34. 
[0061] In this instance, a metallic wire ( 4> 0.17 mm in 
dia.) which is formed by the material stipulated in SUS 
304 is used to the wire-stranded hollow tube 32. A me- 

30 tallic wire 0.40 mm in dia.) which is formed by the 
material stipulated in SUS 304 is used to the elongation 
core 34. An equi-diametrical portion ( § 0.10 mm in dia.) 
resides at a front extension area (5.0 mm) of the elon- 
gation core 34. A metallic wire (ty 0. 1 5 mm in dia.) which 

35 is formed by the material stipulated in SUS 304 is used 
to the continuous helical spring 39a which meassures 
0.89 mm in outer diameter. 

[0062] The wire-stranded hollow tube 32 is soldered 
to the continuous helical spring 39a together with the 

40 elongation core 34 at their common junction 40. The 
continuous helical spring 39a is also bonded to the outer 
extension 34b of the elongation core 34 at a designated 
middle portion 41 . Coated with outer surfaces of the 
wire-stranded hollow tube 32 and the continuous helical 

45 spring 39a are a synthetic resin layer (PTFE) 42, a thick- 
ness of which measures approx. 8 u.m. On an outer 
surafce of the synthetic resin layer 42, a hydrophobic 
resin film 43 is formed. 

[0063] With the continuous helical spring 39a con- 
50 nected in series with the wire-stranded hollow tube 32, 
a good flexibility is provided with the medical guide wire 
30, thus enabling the manipulator to effectively advance 
deep into the wound and small blood vessel by staunch- 
ly following on the wound and small configuration at the 
55 time of inserting the medical guide wire 30 into the ser- 
pentine blood vessel. 

[0064] Fig. 25 shows a fifth embodiment of the inven- 
tion . I n the fifth embodiment of the invention , a semicon- 
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ductor type pressure sensor 44 is provided to measure 
a blood pressure value at front and rear portions of a 
stricture area of the blood vessel by inserting the med- 
ical guide wire 30 to reopen an obstructive coronary ar- 
tery at the time of conducting a percutaneous translu- 
minal coronary angioplasty (PTCA). Instead of the rear 
tip 35 of Fig. 22, the pressure sensor 44 is placed within 
a metallic tube 45 which is bonded to the wire-stranded 
hollow tube 32 by means of a soldering or the like. A 
microcable46 (microwire connection) is stretched along 
an inner space of the medical guide wire 30. 
[0065] Fig. 26 shows a sixth embodiment of the inven- 
tion. In the sixth embodiment of the invention, the pres- 
sure sensor 44 is installed into the metallic tube 45. The 
wire-stranded hollow tube 32 is divided into a front ma- 
jority piece 32A and a rear minor piece 32B, and the 
metallic tube 45 is provided between the front majority 
piece 32A and the rear minor piece 32B. Front and rear 
ends of the metallic tube 45 form the respective diame- 
ter-reduced tube connectors 45a, 45b. The diameter-re- 
duced tube connectors 45a, 45b are connected and sol- 
dered to the front majority piece 32A and the rear minor 
piece 32B. 

[0066] Fig. 27 shows a seventh embodiment of the in- 
vention. In the seventh embodiment of the invention, a 
short helical spring 47 which contains the radiation-im- 
pervious agent (radiopaque agent) is provided instead 
of the rear minor piece 32B of Fig. 26. 
[0067] In the fifth through seventh embodiments, the 
pressure sensor 44 is provided with the medical guide 
wire 30 to measure the blood pressure from the follow- 
ing reasons. 

[0068] As a conventional medical guide wire, a med- 
ical tube 50 has been used in which a metallic wire net 
is covered with a synthetic resin coat, otherwise a syn- 
thetic resin is formed into tubular configuration. Upon 
inserting the medical tube 50 into a wound and small 
blood vessel 51 as shown in Fig. 28, the medical tube 
50 is subjected to deformation due to torsion, distorsion 
and bending when inserting the medical tube 50 into a 
wound portion of the blood vessel 51 . When the medical 
tube 50 is subjected to the deformation, a precise blood 
pressure measurement and monitoring are rendered 
unable during the manipulating the medical tube 50 for 
an extended period of time. 

[0069] This is because the medical tube 50 is sup- 
posed to deform substantially flat to be elliptic in cross 
section as shown in Fig. 29. When the medical tube 50 
deforms fiat, blood paths 52, 53 vary its cross section 
between the medical tube 50 and an inner wall 51a of 
the blood vessel 51 . The narrower blood path 52 allows 
blood streams to flow quicky, and the wider blood path 
53 allows blood streams to flow slowly. Due to the dif- 
ference of the blood stream velocity between the blood 
paths 52, 53, the blood stream is disturbed to fluctuate 
the blood pressure value measured by the pressure 
sensor. This tendency becomes more remarkable as the 
blood vessel becomes smaller. The situation renders 



the medical tube 50 unable to cope with the blood pres- 
sure measurement for the obstructive coronary artery. 
[0070] On the contrary, the medical guide wire 30 ac- 
cording to the fifth through seventh embodiments ena- 

5 bles the manipulator to use it smoothly in the wound and 
small coronary artery (1—3 mm), and thus ensuring a 
precise blood pressure measurement and monitoring 
during manipulating the medical guide wire 30 for an ex- 
tended period of time. 

10 [0071] This is surmisably because the medical guide 
wire 30 generally maintains a circular shape stable in 
cross section (Fig. 32) without deforming flat at a wound 
portion of a wound and small blood vessel 54 when in- 
serting the medical guide wire 30 into the wound and 

15 small blood vessel 54 as shown in Fig. 30. Namely, the 
metallic wires 32a are each twisted to form the wire- 
stranded hollow tube 32 so that each metallic wire 32a 
relatively slides slightly along its helical line when the 
wire-stranded hollow tube 32 is bent. This keeps a tight 

20 engagement between the metallic wires 32a to gener- 
ally maintain the circular shape stable in cross section 
as opposed to a single wound helical spring 55 which 
produces a gap (Sp) between the line elements 55a as 
mentioned hereinafter. 

25 [0072] The single wound helical spring 55 produces 
the gap (Sp) between the line elements 55a at the 
wound portion when the single wound helical spring 55 
is bent as shown in Fig. 31 , although the single wound 
helical spring 55 substantially maintains a circular shape 

30 in cross section without deforming flat at the wound por- 
tion. The gap (Sp) appeared between the line elements 
55a causes a turbulance in the blood streams to fluctu- 
ate the blood pressure value measured by the pressure 
sensor. 

35 [0073] In the medical guide wire 30, the wire-stranded 
hollow tube 32 only allows the metallic wires 32a to 
slightly slide along the helical line while maintaining the 
tight engagement between the metallic wires 32a to 
generally keep the circular shape stable in cross section 

40 without producing the gap between the metallic wires 
32a as shown in Fig. 32. This resultantly generates no 
significant difference in the blood path between the 
medical guide wire 30 and the inner wall of the blood 
vessel to induce no significant turbulance in the blood 

45 streams, and thereby enabling the manipulator to the 
precise blood pressure measurement and monitoring 
for an extended period of time. 

[0074] Due to helical grooves appeared between the 
metallic wires 32a, the blood streams are smoothly guid- 
50 ed along the helical grooves to induce no significant fluc- 
tuation in the blood pressure value measured by the 
pressure sensor 44. 

[0075] When the single wound helical spring 55 is 
bent as shown in Fig. 33, the single wound helical spring 
55 55 is expanded at its outer tensile side. This stretches 
the single wound helical spring 55 to make its axial 
length (Lb) longer than the original length (La). The axial 
length (La) stretches more remarkable as the single 
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wound helical spring 55 is bent deeper. For this reason, 
the microcable of the pressure sensor 44 is feared to be 
snapped off due to a sufficient tensile force subjected to 
the microcable especially when advancing the single 
wound helical spring 55 into a deeply wound portion of 
the wound and small blood vessel 54. 
[0076] In the medical guide wire 30 into which the 
wire-stranded hollow tube 32 is incorporated, the metal- 
lic wires 32a slightly slide each otherto maintain the tight 
engagement therebetween without being expanded at 
the outer tensile side when the wire-stranded hollow 
tube 32 is deeply bent. This remains the axial length of 
the wire-stranded hollow tube 32 substantially un- 
changed. There is no fear that the microwire connection 
46 is snapped off because no sufficient tensile force is 
subjected to the microcable 46 when advancing the 
medical guide wire 30 into the deeply wound portion of 
the wound and small blood vessel. The medical guide 
wire 30 is resultantly well-suited particularly when used 
to advance into an acutely wound portion of the wound 
and small blood vessel. 

[0077] It is to be noted that outer surfaces of the wire- 
stranded hollow tube 32 and the short helical spring 47 
are each coated with the synthetic resin layer over which 
the hydrophilic resin film is coated, although not shown. 

(a) The medical tube body and the medical guide 
wire may has a plurality (e.g., 2 — 3) of wire-strand- 
ed hollow tubes concentrically arranged to form a 
multilayered configuration. 

(b) In the wire-stranded hollow tube, the metallic 
wire may be not only circular but also rectangular, 
triangular, pentagonal, hexagonal, polygonal and 
elliptic in cross section. 

(c) The metallic wires of different helical pitch may 
be used to produce a tighter engagement between 
the neighboring metallic elements by providing the 
wire-stranded hollow tube with a strengthened com- 
pression. 

(d) In general, the medical guide wire is 0.35-1.0 
mm in outer diameter and the medical tube body is 
0.4 ~ 3.0 mm in outer diameter, however these out- 
er diameters are not confined merely to these sta- 
tistics. 



Claims 

1 . A wire-stranded hollow tube comprising; 

a plurality of metallic wires preformed with a 
predetermined forming rate being twisted along 
a circular line and postforrned in order to pro- 
vide a good circularity and diametrical uniform- 
ity so as to be rendered thereafter to be core- 
less hollow configuration. 

2. The wire-stranded hollow tube according to claim 



1 , wherein said forming rate which preforms said 
metallic wires is within a range of 90% to 98%. 

3. The wire-stranded hollow tube according to claim 1 
5 or 2, wherein said plurality of metallic wires com- 

. prises at least two wires made from different mate- 
rials from each other. 

4. A medical tube body formed by the wire-stranded 
10 hollow tube according to any one of claims 1 to 3. 

5. A medical guide wire formed by the wire-twisted hol- 
low tube according to any one of claims 1 to 4. 

is 6. A medical guide wire comprising: 

a wire-stranded hollow tube formed by a plural- 
ity of metallic wires twisted along a circular line 
to be shaped into a coreless hollow configura- 
te tion; 

a single elastic elongation core inserted into a 
hollow portion of said wire-stranded hollow 
tube, and having a basal main body located 
within said wire-stranded hollow tube, and fur- 
25 ther having an outer extension which is diamet- 

rically smaller than said basal main body and 
extends beyond a front end of said wire-strand- 
ed hollow tube by a predetermined length; and 
a synthetic resin layer coated with an outer sur- 
30 face of said outer extension of said elongation 

core by its predetermined axial length. 

7. A medical guide wire comprising: 

35 a wire-stranded hollow tube formed by a plural- 

ity of metallic wires twisted along a circular line 
to be shaped into a coreless hollow configura- 
tion; 

a single elastic elongation core inserted into a 
40 hollow portion of said wire-stranded hollow 

tube, and having a basal main body located 
within said wire-stranded hollow tube, and fur- 
ther having an outer extension which is diamet- 
rically smaller than said basal main body and 
^5 extends beyond a front end of said wire-strand- 

ed hollow tube by a predetermined length; and 
a metallic helical spring wound around said out- 
er extension of said elongation core by its entire 
axial length. 

50 

8. The medical guide wire according to claim 7, where- 
in said metallic helical spring at least partially con- 
tains a radiation-impervious agent. 

55 9. The wire-stranded hollow tube, medical tube body 
and medical guide wire according to any one of 
claims 1 to 8, which is subjected to a diameter- re- 
duction such as a swaging or a die drawing work. 
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10. The wire-stranded hollow tube, the medical tube 
body and the medical guide wire according to any 
one of claims 1 to 8, wherein a plurality of said wire- 
stranded hollow tubes are concentrically arranged 

to form a multilayered configuration. 5 

11. The medical guide wire according to any one of 
claims 5 to 8, wherein a pressure sensor is provided 
to measure a blood pressure when inserted into a 
human blood vessel. * 0 
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(54) A wire-stranded hollow tube, a medical tube body and a medical guide wire 



(57) In a wire-stranded hollow tube 1 , a plurality of 
metallic wires (8) preformed with a predetermined form- 
ing rate are twisted along a circular line into a coreless 
hollow configuration When twisting the metallic wires 
(8), the neighboring metallic elements (1a ; 1a) are sub- 
jected to compression with no gap appeared between 
the neighboring metallic elements (1 a, 1 a). This increas- 
es a contact pressure between the neighboring metallic 
elements (1 a, 1 a) to attain a good tightness with a good 
circularity and diametrical uniformity, and thereby pre- 
venting the wire-stranded hollow tube 1 from inadvert- 
ently collapsing. A tightness is strengthened between 
the neighboring metallic elements (1a, 1a) when the me- 
tallic elements (1 a, 1 a) of different helical pitch are used. 
By applying the wire-stranded hollow tube 1 to a medical 
guide wire, a quick torque response and a good torque 
transmissibility are ensured which leads to a good ma- 
nip ulatability with a favorable follow-on capability. 
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